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The crystal structure of tetrakis(thiourea)plafinum(lZ) 
chloride has been determined from 1991 counter mea- 
sured intensities collected at rooin temperature. The 
structure was solved by heavy atom methods and re- 
fined by full matrix least-squares including anisotropic 
femperature factors and anomalous dispersion correc- 
tions for Pt, Cl and S to a final R of 0.054. The 
structure may be described in terms of Pt[SC - 
(NH&J4t+ ions and Cl- anions with van der Waals 
interactions and N-H - - - Cl hdrogen bonding between 
ions. The shortesf Pt-Cl distance is 3.773(7) A. The 
Pt& is almost square planar with an 0.1 A displace- 
ment of S atoms from the least-squares plane. The 
entire cation has approximately Dt symmetry. The 
average Pt-S distance is 2.313 A (all within 2 esd’s, 
f 0.006 A). One halogen seems to be involved in 
five hydrogen bonds (N-H - - - Cl, 3.5 A or less) and 
the other in three hydrogen bonds. The hydrogen 
bonding scheme stems to be the reason for the struc- 
tural differences from fhe analogous Pd compounds. 

Introduction 

Rather extensive structural studies of thiourea (tuj 
complexes1”9 have been carried out in our laboratory 
and elsewhere. Experimental results have les us to 
speculate that the orientation of the thiourea group 
may be partly explained in terms of electronic effects. 
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Simple Hiickel calculationsM indicate “back-bonding” 
to ligand orbitals may be- more costly in energy than 
back-bonding to sulfur d orbitals, thus explaining 
why the tu twists and/or tilts (defined below) to avoid 
overlap of the metal d and ligand z* orbitals. Struc- 
tural studies of the Mn”,3e8 FeII,J,* Co”,** CdIr~~* Ni”, 
and Pd”’ complexes show twisting and tilting to be 
independent of these metals. Examination of Pt- 
~t$+~~ was a logical extension of the nickel and pal- 

Further examination, particularly in sixth 
period ‘transition metals, seemed desirable especially 
to see if the softer metals had any noticeable effect 
on the tu orientation. In addition, this structure is 
not iscmorphous with the previously reported analo- 
gous Pd compound .I*” 

Experimental Section 

Tetrakis(thiourea)platinum(II) chloride, Pt[ SC - 
(NH~j7]X12, was prepared by previously reported me- 
thods” and single crystals were grown by crystalliza- 
tion from aqueous solution. The air-stable, yellow 
needle crystals were well formed rods of satisfactory 
quality for diffractomtiter data collection. Prelimina- 
ry Weissenberg and precession data showed the cry- 
stals to be monoclinic with the systematic extinctions: 
for hO1, h = %+I, for OkO, k = 2n’f 1, indicating 
the unique space group** P2Ja. 

From calibrated precession photographs using Mo- 
Ka radiation (X = 0.71068 A) at room temperature, 
the cell constants were found to be: cl = 18.08 A, 
B = 10.17 A, c = 9.05 A, all kO.02 A; p = 91.33’f 
0.05”. The density measured by flotation, 2.24(3) 
g/cc, in a carbon tetrachloride-bromoform mixture is 
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Table la. Observed and Calculated Structure Factors for Pt(thiourea)XI,. 
F(calc) = 10F(calc).b,lUl.. 

First column is h followed by F(obs) and F(calc). 
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Table lb. Unobserved Reflections with Calculated Value Greater than Fmi.. First column is 11 followed by k ad F(cak) = 
5F(calc).bso~utc. F,,,i. = 172. Number of reflections less than Fmi. = 2046. Unobserved reflections were not included in the 
refinement. 

F uin 2 ]F(calc)l < 2.0 x Fmin 
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(7) 

-gL ;-4:l -8 L = 4 4zg 11 5 2 2-478 456 qL ;-4645 6 L= 6-351 9 -2 0 344 

3.0 x F oin I I F(calc) 1 

qL i-5:4 lL 1 y5 -gL ; 8:3 -80827 L=5 2 3-560 

6 o-895 80577 L=3 -2’ z-z 3L 1-y 
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i :1’,’ 
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= 9 
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= 10 
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Table It. Final Atomic Positional and Thermal Parameters and Estimated Standard Deviations (esd uf last figure in paren- 
theses) anisotropic temperature factors of the form: exp-[~llh’+~~~k’+~~~12+2P~~hk+ 2blShf+29,,kl]. 

Atom X Y Z Atom X Y z 

PI(l) 
Cl(2) 
S(l) 
C(l) 
N(l) 
N(2) 
S(2) 
C(2) 
N(3) 

E!(2) 
S(l) 
S(2) 
S(3) 
S(4) 
Cl(l) 
C(l) 
N(l) 
N(2) 
C(2) 
N(3) 
N(4) 
C(3) 
N(5) 
N(6) 
C(4) 
N(7) 
N(8) 

0.4071(01) 
0.4169(03) 
0.2758(04) 
0.2860(03) 
0.2901(12) 
0.3466(12) 
0.2413(11) 
0.3732(03) 
0.3931(11) 
0.3540( 13) 

0.4099(01) 
0.1112(05) 
0.4583(06) 
0.4295(06) 
0.4576(23) 
0.4041(27) 
0.5303(21) 
0.2029(05) 
0.1877(21) 
0.0883(23) 

0.7514(01) 
1.0730(07) 
0.4258(08) 
0.8278(08) 
1.0183(28) 
1.1024(27) 
1.0760(24) 
0.6667(07) 
0.482 l(26) 
0.41 lO(23) 

S(3) 0.5272(03) 0.41 lO(O6) 0.6719(07) 
C(3) 0.5767( 11) 0.2746( 18) 0.7334(26) 
N(5) 0.6455( 10) 0.2670(21) 0.7052(27) 
N(6) 0.5451(14) 0.1820(18) 0.8160(27) 
S(4) 0.4389(03) 0.6130(05) 0.8507(08) 
C(4) 0.3839( 16) 0.7347(21) 0.7612(34) 
N(7) 0.3322( 13) 0.7124(22) 0.6640(32) 
N(8) O-4082( 16) 0.8597( 18) 0.7996(29) 
N(4) 0.4381(10) 0.2581(20) 0.4101(23) 

P11 P 12 P 33 

0.0011(01) 0.0028(01) 0.0054(01) 
0.0024(02) 0.0062(05) 0.0066( 10) 
0.0013(02) 0.0069(06) &0065( 19) 
0.0028(02) 0.0044(05) 0.0030(09) 
0.001.2(01) 0.0038(04) 0.0101(09) 
0.0018(01) 0.0037(05) 0.0081(11) 
0.0018(01) 0.0040(05) 0.0064(09) 
0.0012(06) 0.0066(20‘ 0.0060(39) 
0.0033(08) 0.0098(25; 0.0078(39) 
0.0016(05) 0.0078(2 1) 0.0063(34) 
0.0014(05) 0.0051(20) 0.0031(36) 
0.0042(09) X0068(20) 0.0051(32) 
0.00 17(05) 0.0072(20) 0.0067(34) 
0.0016(06) 0.0028( 14) 0.0028(33) 
0.0015(06) 0.0060(20) 0.0158(48) 
0.0044(06) 0.0032( 19) 0.0061(48) 
0.0035( 10) 0.0021(17) 0.0139(55) 
0.0028(08) 0.0066(22) 0.0160(54) 
0.0056( 12) 0.0020( 15) 0.0138(48) 

R 12 P 13 

0.0002(01) 0.0003(01) 
0.0006(03) 0.0003(04) 
0.0004(02) 0.0004(03) 
0.001 l(O2) 0.0000(03) 
0.0002(03) 0.0000(03) 
0.0001(02) 0.0017(03) 
0.0001(02) 0.0004(03) 
0.001 l(O8) 0.0009(11) 
0.0023( 14) 0.0025( 14) 
0.000 l(O9) 0.0001(11) 
0.0008(08) 0.0004( 11) 
0.0041(12) 0.0016(13) 
0.0014(09) 0.0002( 11) 
0.0002(06) 0.0016( 11) 
0.0014(08) 0.0001(13) 
0.0002(07) 0.0006( 12) 
0.0015( 10) 0.0013(20) 
0.0013(11) 0.0035( 16) 
0.0003( 11) 0.0001(20) 

P 21 

0.0001(01) 
0.0004(05) 
0.0014(06) 
0.0002(05) 
0.0018(06) 
0.0005(06) 
0.0000(04) 
0.0014(22) 
0.0002(28) 
0.0003(21) 
0.0004( 19) 
0.0039(24) 
0.001 l(20) 
0.0005( 17) 
0.0019(23) 
0.0001(21) 
0.0020(23) 
0..0003(27) 
0.0010(20) 

Structure Description 

Essentially the structure of Pt(tu)G consists of 
molecular ions of Pt(tu)42+ and chloride anions (Fi- 

gure I). The anions, ocupying non-axial positions 
relative to the plane of the platinum and four sulfurs, 
show long metal-halogen distances indicating only van 
der Waals interactions3’ between platinum and chior- 
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but their average value of 2.313 A is somewhat shor- 
ter than the sum of the covalent radi? which is 2.36 
A. Intramolecular sulfur-sulfur distances are rather 
short, ranging from 0.62 to 0.20 A shorter than the 
sum of the van der Waals radii (3.70 A).M The dif- 
ferences among the platinum-sulfur-carbon angles arc 
significant, the highest being 112.2(7)“, the lowest 
106.8(7)“. In the tu groups the average values of the 
sulfur-carbon and carbon-nitrogen distances corre- 
spond within one standard deviation to the distances 

Figure 2. A perspective view of the Pt[SC(NH&], cation 
showing relevant distances and angles. The molecular ion 
has approximate D1 symmetry. 

Figure 3 .Dihedral angles between relevant planes. Shown 
are the atwists and atilt* angles as defined in the text which 
completely specify the orientation of the tu ligand. 
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found in free thiourea by Truter.31 The angles in 
two of the tu groups show no real distortion from 
120”. However in groups 2 and 4 there is signifi- 
cant distortion from 120” in both the sulfur-carbon- 
nitrogen angles. Both show the same sort of distor- 
tion; the sulfur-carbon-nitrogen angle nearest the pla- 
tinum being opened up about 5” and the other closed 
down approximately 9”. A number of short intra- 
molecular and intermolecular chlorine-nitrogen and 
sulfur-nitrogen distances which indicate probable hy- 
drogen bonding can be found in Table III. 

Discussion 

Bonding in the Pt(tu)?+ unit appears to be what we 
have come to expect in transition metal tu comple- 
xes.1’,12~17*32-34 The platinum-sulfur distances are slight- 
ly shorter than the sum of the normal single bond 
covalent radii.)’ The metal-sulfur-carbon angles are 
somewhat less than one would predict on the basis 
of simple sp’ hybridization of the sulfur atom. Idea- 
lized sp2 hybridization would also call for a twist di- 
hedral angle of zero, the angle averages 15”. Hence, 
some other interaction must be affecting the tu groups. 

In general, complexes of Pt*+ and Pd2+ with the 
same ligands are structurally so similar that they are 
crystallographically isomorphous. In the case of the 
present structure Pttu&lz and PdtuU this is not 
the case. There are actually two striking differences 
between these structures: 1) The PdZ+ site defines an 
approximate center of symmetry for the complex as 
a whole whereas the Pt2+ site defines a site of appro- 
ximate Di(222) symmetry; 2) The Cl-Pd-Cl angle is 
179.2( 1)’ and is approximately perpendicular to the 
Pd& plane while the Cl-Pt-Cl angle is 130.5(l)’ and 
the Cl-Pt bond is nowhere near perpendicular to the 
PtS4 plane. A minor difference is that in PdtuJX 
each halogen is involved with four hydrogen bonds 
and in the present structure Cl( 1) seems to be involv- 
cd in five and Cl(2) in three hydrogen bonds. Three 
forces which could affect th’e orientation of the four 
tu groups are: molecular packing forces, hydrogen 
bonding and electronic effects in the M-S bonds. Al- 
though it is clear that the crystal structures of Pttur 
Cl2 and Pdtu&lz are different, how the interplay of 
these forces bring this about is not obvious at this 
time. Subtle differences in hydrogen bonding and 
packing have been used to account for the fact that 
CotuXl23’ and ZntuX1233 are not isomorphous, whe- 
reas Co(s-DEtu)& and Zn(s-DEtu)K%” are isomor- 
phous (s-DEtu = NN’-diethylthiourea). 
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